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MEASURING TBE SPECTRu_ OF CLODD DROPLETS

V. Ye. Minervin And G. T. Niksndrova

P_B_'RACT 2--7 7 Pl /
A .,riefreview is give_,of the methods used in mea-

_Tring the spectrum of cloud droplets. Data are presented I

on th_ simultaneous measurement of droplet spectra in

stream usizg devices with different captur_ cceff=_cients.
i

Experimental results fail to confirm the corl'ectne;sof the

theoretical factors for droplet capture obtained earlier for \
/

the instruments. S

At the present time about the only method of obtaini_,gacta on the /18"

distribution spectrum of cloud and fog droplets is the method of inertial

precipition from the stream on a flat plate. Different methods eme used for

the fixation of droplets which have reached the surface of the plate. Thei

fixation of drcplets in oil of required consistency is most frequently used.

L This method was proposee by N.A. Fuks (ref. 9) and later developed by A.M.

! Borovikov (ref. 2), V.A. Zaytsev (ref. 3) and S.S. IQqmelevstov (ref. lO).

The method first proposed by L. Strazneveskiy (ref. 23) is used less frequently.

In this method the replicas of droplets are obtained on glass covered with soot.

May (ref. 18) and Frith (ref. 15) used magnesium oxide films instead of soot.

*Numbers given in the margin indicate the pagination in the original foreign

: text.
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There are also methods which use 2-layer films usually consisting of soot

covered with a thin protective layer of magnesium oxide (ref. 4).

In rec_nt years many experiments have been carried out utilizing films

of pure gelatin for fixating droplets or rather their impressions. May

(ref. 19) used pure gelatin_ Oklta (ref. 2_, Liddele ana Wootten (ref. 17),

and Godard (ref. 16) used gelatin films with dyeb, Fsa-low (ref. 14) used

• films with a corresponding reagent while Sivadjian (ref. 22) and Ravinskiy

" (ref. 7) used a more complex method of processing the films. In the May

method special illumination is necessary for the detection of droplet im-

pressions while in the other methods the impressions are colored and can be

measured using a conventional microscope.

The simplest method is one of capturing droplets by means of an oil film,

because the preparation of the glass is not difficult and the droplets have

their natural size on the test glass. The only requirement is that the test

samples be photogi'aphed in as short a period of time as possible because the

droplets may evaporate or dissolve in the oil. Also it is possible that part

of the droplets will be lost because they are situated at different levels with-

in the oil layer. It is also possible that the spectrum will become distorted

because the droplets fuse in the oil. Unfortunately the method cf capt1_ing

droplets with oil films can be used only aboard airplanes which are not

pressurized.

The method of capturing droplets by means of a plate covered with soot

requires a more complicated procedure in preparing the glass. Usually the glass

must be prepared in advance and measures have to be taken to protect the soot "

layer from damage during storage. Compared to the oil method this method may

appear to be more advantageous since the impressions produced by the

2
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droplets lie in one plane. The error produced by the fusion of droplets is

practically eliminated because two double impressions of a droplet, as a rule,

can be measured independently. This method can also be used in pressurized

airplanes equipped with completely automated devices, because the impressions

: of droplets may be stored for a prolonged period of time without changes.

However_the method has a series of shortcomings. First, the diameter of

an impression does not correspond to the true diameter of the droplet_ which

makes it necessary to use transfer coefficients. In the second place, the

variation in the diameter of the impression as a function ofsoot thickness re-

quires a uniform soot layer which must always have the same thickness. In the

third place, the protective laver is frequently so dense that small particles

are unable to penetrate it and produce impressions. Finally, as shown by G.D.

Salamandra and I.M. Naboko (ref. 8)_ it is possible to obtain several impressions

• from the same droplet_ due to its multiple rebounds from the base layer.

The methods cf capturin_ water droplets _ith a gelatin film are proposed

primarily as supplementsry to the method of capturing with a layer of soot be-

cause they make it possible to capture droplets of smaller size. In these

methods it is very important to determine the transfer coefficient which makes

it possible to establish the true dimensions of the droplets from the measured

dimensions. The !sethodof determining this coefficient has not been worked out

in a sufficiently rigid manner to date.

The common shortcoming of all of the methods for capturing cloud droplets

is that not all the droplets in the volume of air flowing towards the plate reach

its surface. The theoretical calculations of A. Kh. Khrgian_ and I. P. Mazin

(ref. ll) and L. M. Levln (ref. 4) and all other investigators have shown that

the capture coefficient (ratio of the quantity of droplets of a given size which

3
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has settled on the plate to the quantity of droplets contained in the volume

from which the droplets settled) is a ft_nction of the dimensionless parameter

P - 2ur2 where _ is the flow velocity, r is the radius of the droplets, A is

the characteristic dimension of the plate (width), _ is the coefficient of

air viscosity.

For eeme critical value Pcr_the capture coefficient E becomes equal to O.

This means that the droplets whose radius is less than some critical value

(corresponding to the critical Pcr) _anno_ be captured by the plate, for

theoretical reasons. For droplets whose radius is greater than the critical

value, it is necessary to introduce corresponding corrections. For droplets

which are slightly greater than rcr the magnitude of the correction'factor is

several "_nits.

The above shortcomings of the captua-emethods, and the difficulty of auto-

mating them and of interpreting the data_have been responsible for an intensive

search for new methods of measuring droplet spectrum.

In the recent years optical methods for obtaining the spectrum of droplets

have been developed. A.G. Laktlonov (ref. 5), V.Ya. Basevich (ref. l) utilized

the variation in the intensity of light scattering by droplets as a function of

their size. Eldrldge (ref. 13) utilized the effect of infrared absorption by

droplets in the 1-14 _ range (the measurement base was 1 meter). K.S. Shlfrin

(ref. 12) proposed the method of determining the spectrum of droplets from ob-

servations of light scattering at small angles. The same method was applied

by G.D. Petrov (ref. 6).

These methods have many advantages but require complex technology. /20

Finally Vonne_ut and Neubauer (ref. 24) propose a method of measuring the

dimensions of droplets from the degree of cooling of a thin ware heated with an

....................................................................................... ,,,. ,,,,.,,,,.,,,, ..............
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electric current. This method has not been widely used because it is difficult

to carry out, its efficiency is low_ and measurements at high flow velocities

are impossible.

In spite of the development of new methods, at the present time the only

practical method of measuring the spectra of iroplets from an airplane is the

method of inertial capture in its different versions. However_ quite frequently

when measurements are taken in natural clouds_ droplets are _aptured whose di-

mensions are less than the critical dimensions. According to the data of May

(ref. 19), Farlow (ref. 14), and Godard (ref. 16) the method of inertial pre-

cipitation can be used to obtain impressions from droplets whose diameter is

a few tenths of a micron. At the same time if we take into acco_mt the dimensions

of the plates which are used and the velocities of the ceilings we can easily

see that such droplets lie beyond the critical region. For this reason the ex-

perimental investigation of correction factors computed theoreticly is of practi-

cal interest.

Experiments were conducted in the cloud chamber of the Vysokogor_YGeophysical

Institute at Terskol. The fog in the chamber was produced by steaming, then was

evacuated from the chamber through a wind tunnel with a cross-section of

25.25 cm and which contained the test droplet collectors. The difficulty of

carrying out the experiment was associated with the high moisture content of the

cloud chamber and large number of droplets. During operation of the tunnel the

density of the fog decreased nonuniformly from its maximum value to zero during

a period of 40-60 seconds. In addition to this, its homogeneity was gradually

disrupted along the cross-sectlon of the tunnel. The flo_ velocity along the

cross-sectlon of the tunnel varied insignificantly and was approximately 50

meters/sec.

5
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In order to decrease the distortion of experimental data, the time between

the collection of droplets and their photographing was reduced to a minimum and

Rid not exceed five minutes. Five to ten pictures were taken of the different

regions of each test sample.

To obtain the best capture and retention of particles_ the optimum con-

sistency of tae oil was selected. The number and dimensions of the particles

were computed in the conventional manner. The microphotographs were projected

with fixed magnification on paper graduated in millimeters. To establish the

scale a micrometer was photographed in each pictvre.

Two collectors were used to carry out the experiments. One was a st[andard

TsAO Collector with a diameter of 55mm, while the second was a special unit with

_L
a diameter of 5mm and a glass width of 3mm. At first both collectors were used

separately; later, in order to synchronize the collection of test samples and to

provide for equal exposure the small collector was attached to the large one

and the displacement of glass was produced by the mechanism of the large collector.

The results Cotalned after processing the microphotographs obtai_ed in

these experiments are shown in tables 1-4. Table 1 presents data on the spectra

of droplets obtained simultaneously in different sections of the wind tunnel.

In this case the conventional TsAO collector with three slots having widths of 2

4 aud 8 mm contained three glasses simultaneously. Table 2 presents data

from a similar experiment where the width of the slots in the collector was

equal to 2 mm. Table 3 presents data for the simultaneous measurement of the
[

spectrt_ by means of a wide and narrow collector with different exposures,

while table 4 presents the same data but for uniform exposure. During these !

measurements the collectors were installed in such a way tha_ the operating

slot of the wide collector was situated at the position of its first _28

6
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slot in the preceding experiment% while the slot of the narrow collector was

at the position at the third slot in preceding experiments.

' As we can see from the dat_ presented {n table i, the spectra obtained

by means of one collector simultaneously at different regions of the cross-

section are sufficiently close to each other. The best reproducibility for

all three spectra was obtained with droplets having _ diameter of 7 microns

and was equal respectively to 24.5, 28.2 and 27.2. The spectra break off

with droplets 16-18 microns in diameter. However in this case there is a

clear heterogeneity in the n_aerical concentration of droplets: for one

frame of the first slot (2 mm) there are 24k d_oplets, for the second (4 ram)

_ there are 438 and for the third (8 mm) there are_332 droplets. When going

i_ from the 2 millimeter slot to the 4 millimeter slot the number of dropie_s

increases by a factor of 2. When going from the 4 millimeter to the 8 milli-
/

meter slot the number of droplets actually decreases by a small amount.

At first glance we might assume that the decrease in the number of drop-

lets is due to their fusion. This proposition was checked by computing the

volumes of all the droplets (_ENd3) for each frame. They were found to be

equal to the following: 1.53"lO-4mm3 for the first slot, 2.56-10-4mm 3 for the

second and 2.49.10-4mm3 for the third, i.e., the volume of droplet_ at the third

slot as well as their number did not increase, but rather decreased. Conse-

quently the decrease in the number of droplets in the third slot by a factor

of 2 is not due to their fusion. It is due either to the heterogeneity of

droplet concentration along the cross-sectlon of the tunnel or, what is most

probable, to the _oss of droplets when they are photographed.

The spectra shown in table 2 are also close to each other. The best

reproducibility occurs, as in the preceding case, for aroplets with a diameter

7
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_ of 7 microns, and is equal to 28.6, 29.3 and 28.'(. The spectra break off at

12-13 _ droplets. Since the width of all the slots in this case is the same

we should expect the same number of droplets on _ii the frames. However, :n

the case of the first slot +here are 336 droplets per frame, in the second there

are 140 and in the the- . there are !53; i.e., the quantity of droplets cap-

,}, tured in the f_ _ slot is greater by a factor of 2 the_lthat captured in the

other s_ o. The quantity ENd 3 is also greater by a factor of 2 in the case

for the first slot. It is equal to 1.17'lO'4mm3 while for the _=,econdand third

_ slots it equals respectively 0.64"10 "'_and 0.73"i0-4mm3. This example shows L

quite well that although there are substantial fluctuations in the numerical

concentration of droplets captured by the glass (regardless of whether it is a _

true reflection of the variation in the concentration or is produced by

methodological errors), the relative spectrum of the iroplets varies insigni:fi-

cantly, which is not true of the moisture content _of the cloud determined from

the spectrum and the numerical concentration.

We should note that in the first case _ _ok±m_+_ely50 percent and in the

second case approximately 70 percent of a?.lthe droplets captured by the collector

had a diameter which was not great_' than 7 microns. According to theory,

such droplets would not be captivatedwith the given collector a_o _il.

Table 3 shows the data whlc_ ar_ ve_y close in time (_th ,_,_-ations not

r
greater _han several tenths of a s_cond), but vith differe'_t ,'_,,_,uresfor

measuring the spectrum with two coll_tozs. In this case th_ :@osure time

of the narrow collector was less than that _,ft_e wid_ c_.__,:_'.,or.Distribution

spectra obtaln_d by means of various collectors turned out to be close to each

other_ although one wo'_Idexpect a larger relative number"of small droplets for

the narrow collector compared with that fro_ the wide collector. Th_ best

8
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: recurrence in the 3 cases occurs for droplets with a diameter of 7-8 _ and ,_

varies within the range of 15-18 percent. The spectra break off with drop-
f_

: let diameters of 14-16 _. In one case Zhe spectrum breaks off-with a droplet

diameter of 9-10 _, the maximum recur?,-encetahes place wi_h a droplet dial-., -_

meter of 4 _ while its value ior bot_ collectors in this case is equal 'to , "
#

2_.8 percent. More ;han 50 percent of all the captured particles (84 percent

in the last case) have o diaiaeter cf less than_7 _1 i.e., ba_ed on theoretical

considerations thej should:not be captured at ali b the wid-e_collectol;,.The ,:

narrow collector captures the small drcplets with a dis_eter less than 7 i_ _ /"
O •

more ,thanthe wide collector by 5-8,percent.. However this value is Sub--,,_-._ _, ?,.._::.

stantially les_;than the theoretical value. "....
._ , ';, ', '-7_,,' , .

Table 4 pres_n_sdata obtained by the s3gnchronousmeaa.urements of t.Le drbp-

let spectram with the same exposure time; Appa_ently becaugemeas{'_ements,-,were ., :

carried out during the warm part of the year, the fQg--In._thechamber con_iste_ - ,":

of larger particles. In the,course of the entire serle_-of- experiments drdplets¢'_-: "

with a diameter less than 4 _ were almost no_ encountered. °As in theepreceding . "
/

measurements, in all cases the maximum on "ghe distribution .cur,_,s o,b_ained by

means of the wide an_ narrow collectorsoccured for the,same droplet size" How ..... :

ever only in one case (the Second series (,_-_ob_ervatlons_made on the 19th of
q

August) were the spectra measured by both collcctors close to each other in the ". _

entire r_nge of d_menslons. In this case the density was _6_ droplets per

i mm2 for the wide collector and 517 droplets per i"mm2 for the narr0_ coile_tor, :

In all cther case." the results of the experiments were somewhat unexpected_

Frequently the relative quantity Of small droplets captured with the.narrow col-

lector was less than the number of the same droplets captured by the wide eollec- __

tor. On the other hand the relative quantity of large dro_let_ captured by th,_"

• hi I . n | • _ _ n n _ I1 n _ n

]965018120-0]0



narrow collector turned out to be greater than that captured by the wide

collector. The spectra obtained by means of the narrow collector always

contain a rather long loop of large _-__oplets.Such a loop as a rule is not

observed in %he spectrum obtained by means of the wide collector.

This anomaly is apparently caused because the exposure time of the nar:'ow

collector was too long, which produced the large numeric concentration of drop-

lets on the glass of the narrow co31ecto_ and the fusion of droplets played a

substantial r_le. Appai-entlyfusion first produces a loss in small droplets

and a much less noticeable increase in the number of large droplets.

Thus f,mion produces a sharp decrease in the concentration of small drop-

lets and an insignificant increase in the concentration of large droplets. The

data in table 4 confirmed this conclusion. An exception to this is the ease shown

in table 5, whose data were obtained by averaging out data on the large number

of individual frames. In this case the numeric c_-,centrationof droplets in

the flow or the exposure of the glass were so great that.signs of fusion are

clearly seen even in the spectrum obtained -_iththe wide collector. The nar-

row collector captured so many particles that _he distribution curve, due to

the fusion of particles, became very flat and the spectrum became continuous

up to 75 _jwhile in all other experiments the spectra broke off at 30 _ and

i
droplets _th a diameter greater than 14-15 _ were hardly encountered in the

chamber. Due to fusion, the number of droplets per frame decreased compared

with the spectrum obtained with the wide collector by a factor of two. On the

other hand, the moisture content computed from the spectrum was more than lO

times greater than the moisture content obtained by means of the wide collector.

The ratio of the moisture content according to the narrow collector to the mois-

ture content according to the wide collector in this series of experiments varies

• from 2 to i0.
i0

............................. ,,, , ,,,,,,
ILk , ...............

1965018120-011



t

Although there was a fusion of droplets even for the wide collecnor, /30

in most cases over 50 percent of the dro_!ets in the spectra obtained by

means of this collector should uot have been captured according to theoreti-

cal considerations. For the narrow collector where fusion was more pronounced,

the num.berof droplets whose size was less than the critical size did not ex-

ceed 20 percent in a series of cases.

Thus the present series of experiments, due to methodological errors has

not made it possible to obtain data on the distribution spectra of droplets with

two collectors which could be compared with the different chracteristic di-

mensions. However, it has shown quite clearly that the total cspture coeffici-

ent of the narrow collector is apparently greater than that of the wide col-

lector by a factor of more than two.

All the experiments described above were conducted using artifi6_l fog.

However, natural clouds are encotmtered which also consist primarily of small

droplets. For example, such clouds were frequently encountered auring the ex-

. ; •

pedition flights of TsAO in the fall of 1962. As a rule these were dlsente_r-

grating clouds. Table 6 shows the data obtained during measurements in an

isolated "fieldSc with a power of approximately 80 meters. As we can see from!

table 6, the distribution spectrum of droplets captured on the glass of the wide
[

collector started with droplet diameters of 4 _ while maximum occurrence was

of drops with a diameter of 6-7 _. Droplets with a diameter greater than lO

were practically absent. In this case, 80 percent of the droplets captured by

the collector were below the theore_tical capture limit.

Conclusions

1. During the inertial capture of cloud drople_ from the flow by means

of a collector, a large number of precipitated droplets have a diameter which

is less than the critical value.
ll
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2. No noticeable difference in the natua-eof the distribution spectra

is observed when droplets are captured simultaneously from the flow by means

of collectors whose characteristic dimension has a ratio of l:ll. The agree-

ment between spectra is not improved by using existing capture coefficients.

Most probably the reason for this lies in the assumptions _hich are made in

computing the capture coefficients (Laminar Propertiesj flow characteristics,

simplified assumptions concerning the shape of the collector, etc.).

B. The actual existence of the difference in capture coefficent of col-

lectors of different sizes has been confirmed experimentally. The interrgral

capture coefficient for a collector wi_h a diameter of 5 mm exceeds the corres-

ponding coefficient of a collector _th a diameter of 55 mm by more than a

factor of 2.

4. The existence of a limit for the number of particles on a test glass

predicted in reference ll has been confirmed; when the limiting concentration is

exceeded there is a substantial distortion of the spectrum corresponding to

small droplets.

5- In o_derto establish the true captul'ecoefficient of various col-

lectors it is necessary to carry out special experimental investigations.

Special attention should be paid to the reproducibility of results. It is de-

sirable to carry out more rigid theoretical calculations.

We should point out that similar work to compare different devices used for

measuring droplet spectra has been carried out in France at Puy _e DSme (ref. 20).

A comparison of various devices operating on different principles has failed to

produce agreement between _he various droplet spectra. Therefore the basic

problem of this work, which wasto select a standard reference devicejwas not solved.

12
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TABLE 5. TEE DISTRIBUTION SPECTRA OF DROPLETS OBTAINED WITH TWO

COLLECTORS ON TEE 19th OF AUGUST 1962
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TABLE 6. THE DISTRIBUTION SPECTRA OF DROPLETS IN NA__UIZALCLOUDS

OBTAINED ON THE 30th OF NOVEMBER 1962
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In conclusion the authors express their gratitude to the Vysokogornyy

GeophYsical Institute, which has made it possible for them to carry out the

present work, _d tc the coworkers of VGY who participated directly in it.
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